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(54) COOLED POWER ELECTRONIC ASSEMBLY

(57) A power electronic assembly comprising a pow-
er electronic module incorporating multiple of semicon-
ductor power electronic switch components, the power
electronic module comprising a base plate, a vapour
chamber having one or more condenser pipes in fluid
communication with the vapour chamber, the vapour
chamber and the one or more condenser pipes forming

a closed volume and enclosing a working fluid, a mount-
ing plate having an indent for receiving the vapour cham-
ber and one or more apertures for receiving the one or
more condenser pipes, wherein the power electronic
module is attached to the mounting plate to transfer heat
from the base plate of the power electronic module to the
vapour chamber.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to power electron-
ic assemblies, and particularly to power electronic as-
semblies with cooling.

BACKGROUND OF THE INVENTION

[0002] Power electronic modules are widely used com-
ponents in which multiple of power electronic switches
or devices are placed in a single module. The switches
of a power electronic module are wired inside the module
in specified manner such that power electronic modules
can be used in different circuit structures. Such circuit
structures are, for example, power stages of different
power converters. For that purpose, the power electronic
modules may comprise different half-bridge, full bridge
or other bridge topologies in which controllable switch
components are internally connected with power diodes.
The power electronic modules comprise also terminals,
such as control terminals and power terminals that allow
connecting the modules to other required circuitry and
possibly to other modules.
[0003] The components inside a power electronic
module are typically mounted on a substrate that is ther-
mally connected to the base plate of the module. The
base plate is a metallic piece integrated to the bottom of
the module and it is intended to be attached to a surface
of a cooling member, such as heat sink. The semicon-
ductor switches inside the modules generate heat when
the switches are operated. The switched currents can be
over hundreds or even thousands of amperes and the
voltage blocking ability of the power semiconductors of
the module is several thousand volts. These semicon-
ductor switches are further operated at a relatively high
frequency of several thousand Hertz.
[0004] A proper thermal design is crucial for a reliable
operation of power electronic modules. A violation of the
temperature ratings can lead to a reduced safe operating
area and consequently a sudden device failure or to a
reduced operational lifetime. For example, IEC 60747-9
gives a range of temperature ratings for IGBTs like stor-
age temperature, case temperature and virtual junction
temperature. To keep the temperature of the module at
a tolerable range, it is known to attach the module to a
heat sink. This is performed by attaching the planar sur-
face of the base plate or of the substrate to a correspond-
ing planar surface of a heat sink. The heat transfer be-
tween the bottom surface of the module and the heat sink
is enhanced by using a thermal interface material (TIM).
Such material or layer is placed between the surfaces of
base plate and heat sink or surfaces of substrate and
heat sink if the module is without a base plate.
[0005] Thermal connection between two surfaces de-
pends on several properties including their surface
roughness (Ra) and surfaces’ planarity. In practice the

contact of two surfaces is imperfect and there are gaps
filled with air in between them. Because air is poor ther-
mal conductor the contact thermal resistance (Rth) can
be reduced by making the contact surfaces perfectly
smooth and planar (very expensive) and/or by replacing
the air by a better thermal conducting substance.
[0006] As mentioned, power electronic modules’ heat
loss is dissipated mainly via its base plate that has to be
in good thermal connection with cooling device like air
cooled heatsink, liquid cold plate or thermosyphon heat-
sink. It is clear that thermal characteristics of the cooling
device have to be designed according to both the PE
module and its usage profile.
[0007] High speed motor drive has increased power
electronic modules’ heat losses because of higher
switching frequency. Then high power cyclic applications
have higher thermal induced stresses within the power
electronic module. Conventional aluminum heat sinks’
thermal characteristics are well known and utilized quite
well too. However it is clear that the increasing heating
power density (W/cm2) of power electronic modules re-
quire more efficient cooling solutions. Also, the common
aluminum heatsinks’ time constants are insufficient for
the high power cyclic applications. Much faster response
is needed to avoid excessive junction temperatures and
to achieve long service life.
[0008] Specific heatsink designs have been developed
to both reduce thermal resistance and enhance their
power cycle response. These heatsink improvements re-
late e.g. to special cooling fin designs for enhanced sur-
face area and/or enhanced heat transfer coefficient, com-
bination of different construction materials (Al+Cu), and
use of two-phase construction parts like heat-pipes for
increased heat spreading within the heatsink. Especially
the two-phase heatsinks are proven to work well in many
thermally demanding applications.
[0009] The common heatsink design problem relates
to insufficient cooling fin efficiency. Aluminum is relatively
inexpensive material and easy to manufacture but its
thermal conductivity (k∼200 W/mK) is often insufficient.
Copper fins or base plate inserts (k∼380 W/mK) are there-
fore commonly considered but this increases the total
weight and cost significantly.
[0010] Heatsinks can be manufactured from various
materials but aluminum alloys and copper are the most
common. Manufacturing technologies are numerous and
these technologies can also be combined. Some com-
mon technologies include extrusion profiles, extrusion la-
mella-packs, stamped heatsinks, die casted heatsinks,
skived fin heatsinks, folded fin heatsink, milled/machined
heatsinks, crimped fin heatsink, bonded fin heatsinks
(glued), brazed fin heatsinks (soldered) and forged heat-
sinks.
[0011] Heat-pipes and thermosyphons are combined
to heatsinks to achieve higher heat transfer and spread-
ing within the heatsink. Common heat pipe heatsink de-
signs include the following, gundrilled straight or U-shape
heatpipes in the heatsink base plate, heatsink base plate
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surface embedded heat pipes using dry fit, adhesive or
solder and tower heat pipes.
[0012] Although multiple of variants are available for
cooling a power semiconductor module, a larger heat
transfer capacity and a faster response time for cyclic
load is still required to ensure the reliable operation of
the power semiconductor module.

BRIEF DESCRIPTION OF THE INVENTION

[0013] An object of the present invention is to provide
a power electronic assembly and a method of manufac-
turing the assembly so as to solve the above problems.
The objects of the invention are achieved by a power
electronic assembly and a method which are character-
ized by what is stated in the independent claims. The
preferred embodiments of the invention are disclosed in
the dependent claims.
[0014] The invention is based on using a structure in
which heat from the base plate of a power semiconductor
module is removed using a vapour chamber having one
or more condenser pipes extending from the vapour
chamber. The condenser pipes are attached to the va-
pour chamber such that the chamber and the one or more
pipes define a common volume for the working fluid inside
the structure. The vapour chamber together with the one
or more condenser pipes are further supported in a
mounting plate. The mounting plate enables the attach-
ment of the power semiconductor module in the assem-
bly such that heat from the power semiconductor com-
ponent is reliably transferred to the vapour chamber.
[0015] An advantage of the electronic assembly of the
invention is that the heat transfer capacity (W/cm^2 and
W/cm^3) of the assembly is increased when compared
to existing structures. Further, as the fluid evaporation
section of the assembly can be made large, the response
to cyclic heat load is increased. The thermal resistance
from the power semiconductor module to the ambient is
also low enabling efficient heat transfer. Further, the as-
sembly of the invention has relatively low material and
manufacturing costs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In the following the invention will be described
in greater detail by means of preferred embodiments with
reference to the attached drawings, in which

Figure 1 shows a cross section of an embodiment
of the invention;
Figure 2 shows a perspective view of the embodi-
ment of Figure 1;
Figure 3 shows a cross section of another embodi-
ment of the invention;
Figure 4 shows a perspective view of the embodi-
ment of Figure 3; and
Figure 5 shows a cross section of another embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Figure 1 is a cross section of an embodiment
of the present invention. Figure 1 shows a power electric
assembly with a power electronic module 11. The power
electronic module has multiple of power electronic switch
components embedded in the module. The power elec-
tronic module comprises also a base plate 12 through
which the heat from the power electronic switch compo-
nents is mainly removed.
[0018] Figure 1 also shows a vapour chamber 13 hav-
ing one or more condenser pipes 14, 15 in fluid commu-
nication with the vapour chamber 13. The vapour cham-
ber 13 and the condenser pipes 14, 15 are in fluid com-
munication such that vapour chamber and the condenser
pipes 14, 15 form a closed volume, that is, the working
fluid inside the vapour chamber can move inside the vol-
ume defined by the vapour chamber and the condensing
pipes.
[0019] Figure 1 also shows a mounting plate 16 having
an intend or a recess for receiving the vapour chamber
and suitable apertures for receiving the condenser pipes.
The power electronic module is attached to the mounting
plate so that heat from the base plate of the power sem-
iconductor module is transferred to the vapour chamber.
[0020] In the embodiment of Figure 1, the condenser
pipes 14, 15 are situated inside the mounting plate and
in the embodiment, the mounting plate acts as a cooling
element and the condenser pipes are releasing heat to
the mounting plate. According to the embodiment of Fig-
ure 1, the mounting plate comprises also cooling fins
which enhance the removal of heat from the mounting
plate.
[0021] As shown in Figure 1, the vapour chamber is
placed in a recess that is provided in the mounting plate.
In the embodiment, the bottom surface of the vapour
chamber and the bottom surface of the mounting plate
are at the same level. Thus when the vapour chamber is
situated in the recess of the mounting plate, the bottom
surfaces of the vapour chamber and the mounting plate
form a substantially even surface.
[0022] The base plate of a power electronic module
has a surface that is attached against the vapour cham-
ber. These mating surfaces have substantially equal ar-
ea, meaning that the bottom surface of the vapour cham-
ber is nearly as large as the heat transferring surface of
the power electronic module. Large contact area be-
tween the vapour chamber and the base plate ensures
that heat is transferred effectively.
[0023] The power electronic module 11 is mechanical-
ly attached to the mounting plate 16 using screws, bolts
or any other similar mechanical fastening means. When
the module is tightly attached to the mounting plate, the
vapour chamber 13 is pressed both against the mounting
plate 16 and the base plate 12 of the power electronic
module. For the attachment of the power electronic mod-
ule with screws or bolts that penetrate through the module
to the mounting plate, the area of the module has to be
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somewhat larger than the area of the vapour chamber.
[0024] Figure 2 shows a perspective view of the em-
bodiment of Figure 1. From the perspective view it can
be seen that the embodiment comprises four condenser
pipes 14, 15, 17, 18 that extend inside the mounting plate.
Further, in Figure 2 the shape of the vapour chamber is
shown to be a rectangular prism for simplicity, and the
shape may be any other suitable shape that can be
placed in a correspondingly shaped recess of the mount-
ing plate.
[0025] As the vapour chamber and the condenser
pipes attached to the vapour chamber are a single entity,
the mounting plate has to be machined to receive the
vapour chamber with the condenser pipes. In connection
with the embodiment of Figure 1 this means that the
mounting plate includes grooves or apertures that are
provided to the bottom surface of the mounting plate for
receiving the condenser pipes together with the vapour
chamber. In other words, the mounting plate is machined
in such a manner that the entity formed by the vapour
chamber and the condenser pipes are fitted to the mount-
ing plate. As shown in Figure 1, the condenser pipes are
not situated in the surface of the mounting plate. The
volume between the condenser pipes and the bottom
surface of the mounting plate is preferably filled with resin
or other suitable substance. However, the condenser
pipes may also be situated in the bottom surface of the
mounting plate such that the manufacture of the assem-
bly is simpler.
[0026] Figure 3 shows another embodiment of the
present invention. In the embodiment of Figure 3, vapour
chamber 31 is attached similarly between the base plate
32 of the power electronic module and the mounting plate
33 as in the embodiment of Figure 1. That is, a recess is
formed to the mounting plate 33. The recess is dimen-
sioned to receive a vapour chamber 31 such that the
bottom surface of the vapour chamber can be contacted
with a flat surface of the bottom of the base plate 32 of
the power electronic component. The bottom surface of
the vapour chamber and the surface of the mounting plate
are substantially at the same level.
[0027] In the embodiment of Figure 3, the one or more
condenser pipes 34, 35, 36 are extending through the
mounting plate 33 and extend outside the mounting plate.
As the condenser pipes are in the perpendicular direction
with respect to the top surface of the vapour chamber,
the installation of the vapour chamber together with the
condenser pipes to the assembly is straightforward.
Holes or apertures for the condenser pipes are drilled to
the mounting plate to correct positions, and the one or
more condenser pipes are led through the holes such
that the vapour chamber is also positioned to the recess
of the mounting plate. The power electronic module is
then fastened to the mounting plate for producing tight
thermal coupling.
[0028] The mounting plate is shown in Figure 3 with
cooling fins 37, but as the condenser pipes are extending
through the mounting plate removing the heat outside

the mounting plate, the cooling fins are not required for
the cooling of the power electronic module. According to
the embodiment of Figure 3, the one or more condenser
pipes are equipped with cooling fins 38 attached to the
one or more condenser pipes 34, 35, 36. The cooling fins
help in removing heat from the pipes and thereby in-
crease the heat removal from the power electronic mod-
ule. In connection with cooling fins a forced air cooling is
preferably used although natural air cooling is also an
option. With forced air cooling a blower or a fan is used
to move air through the cooling fins thereby increasing
the heat transfer from the fins to the surroundings.
[0029] The cooling fins 38 attached to the one or more
condenser pipes may include flow channels for liquid
cooling. When using liquid to remove heat from the con-
denser pipes, the heat transfer from the power electronic
module is increased.
[0030] Figure 4 shows the embodiment of Figure 3 is
perspective view for better understanding the structure
of the embodiment.
[0031] According to another embodiment of the inven-
tion, the vapour chamber is situated in the upper surface
of the mounting plate. In such an embodiment the base
plate of the power electronic module is in tight contact
with the bottom surface of the mounting plate, and the
mounting plate transfers heat from the base plate of the
power electronic module to the vapour chamber. The
mounting plate transfers and spreads the heat from the
base plate, and the base plate is held in a substantially
uniform temperature.
[0032] In the embodiment of Figure 1 the condenser
pipes are shown inside the mounting plate whereas in
the embodiment of Figure 3 the condenser pipes are ex-
tending outside the mounting plate. In another embodi-
ment, at least one condenser pipe is situated inside the
mounting plate and at least one condenser pipe is ex-
tending outside the mounting plate. It is thus a design
option to have condenser pipes inside the mounting
plate, extending outside the mounting plate or both the
previous.
[0033] The vapour chamber and the condenser pipes
of the invention are preferably formed from copper, al-
though the selection of material is not limited to copper.
Other metals or metal alloys can also be used. The
mounting plate of the invention is preferably formed of
aluminium.
[0034] The entity formed by the vapour chamber and
the one or more condenser pipes holds a working fluid
inside the volume defined by said vapour chamber and
the one or more condenser pipes. The working fluid may
by water or any other suitable fluid which is able to change
its phase from liquid to gas and vice versa when heated
and cooled. The liquid phase fluid in vapour chamber
evaporates by the effect of heat from the power electronic
module. The evaporated fluid flows to a cooler place in-
side the enclosure and condenses back to liquid thereby
removing heat from the enclosure. The liquid phase fluid
flows back to the vapour chamber and the heat removing
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process continues. When the condenser pipes are
equipped with cooling fins, the condensing area of the
pipes is kept at a lower temperature. The increased tem-
perature difference between the evaporation zone and
the condensing zone increase the heat transfer rate.
[0035] The vapour chamber operates as an evaporator
changing the phase of the fluid from liquid to gas with the
aid of the heat from the power electronic module. The
one or more condenser pipes, on the other hand, operate
as condensers releasing heat to the surroundings of the
condenser pipes.
[0036] The inner structure of the vapour chamber may
be a porous wick structure which increases the evapo-
ration of the fluid inside the vapour chamber. The inner
surface of the one or more condenser pipes may include
a copper powder sintering, grooved structure or copper
mesh, for example. The selection of the wick of the va-
pour chamber and the one or more condenser pipes may
be carried out based on design and intended use.
[0037] According to an embodiment of Figure 5, a va-
pour chamber is connected to another vapour chamber
with one or more connecting pipes. The connecting pipes
connecting the vapour chambers are manufactured in
similar manner as the condenser pipes of the invention.
[0038] Further, in the embodiment multiple of power
electronic modules are embedded in a mounting plate
64 and each of the power electronic modules are cooled
using respective vapour chambers. The embodiment al-
so comprises condenser pipes for releasing the heat in
the manner described above. An example of the embod-
iment is shown in Figure 5 in which three power electronic
modules 51, 52, 53 are cooled using three vapour cham-
bers 61, 62, 63 with one or more condenser pipes 71,
72, 73, 74, 75, 76, 77, 78, 79. The connecting pipes 54,
55 connecting the vapour chambers 61, 62, 63 connect
the inner volumes of the vapour chambers and the con-
denser pipes. As the working fluid can move inside the
entity formed by the vapour chambers, connecting pipes
and condenser pipes, the three separate power electron-
ic modules are cooled substantially in a uniform manner.
Each of the three separate power electronic modules of
Figure 5 may, for example, comprise the power electronic
switches of one phase output. In such a case the output
switches are kept in a substantially equal temperature.
[0039] According to an embodiment of the invention,
a thermal interface material (TIM) is provided on top of
the base plate of the power electronic module. When the
power electronic module is attached to the mounting
plate, the TIM is pressed against the abutting surfaces
and enhancing the transfer of heat from the base plate.
As the vapour chamber may be situated in the top or
bottom surface of the mounting plate, the TIM is placed
either between the base plate and the vapour chamber
or between the base plate and the mounting plate. In
each case, the TIM decreases the thermal resistance
from the base plate.
[0040] The thermal interface material is preferably in
a form a separate layer that can be installed between the

heat releasing base plate and heat receiving vapour
chamber or mounting plate. The TIM layer is preferably
a carbon based material layer. The carbon based mate-
rial layer is adapted to spread the heat generated by the
semiconductor power electronic switch components in
addition to transferring the heat to the cooling arrange-
ment.
[0041] The carbon based material is preferably in form
of a soft layer having a thickness ranging from 75 mm to
250 mm. The carbon based material is preferably natural
graphite, pyrolytic graphite or synthetic graphite.
[0042] The softness and thickness of the carbon based
material allows it to adapt and fill sufficiently gaps be-
tween surfaces of the base plate of the power electronic
module and the vapour chamber or mounting plate during
the attachment of the module to the abutting surface.
[0043] The mounting plate is used in the embodiments
for attachment of the power electronic modules. As men-
tioned above, the power electronic module is firmly at-
tached to the mounting plate for ensuring tight contact to
increase the transfer of heat from the base plate of the
power electronic module. The mounting plate may also
act as a cooling element and may comprise cooling fins.
Further, other electrical components may be attached to
the mounting plate for fastening the components and for
cooling the components.
[0044] The mounting plate may also be used in a power
electronic device having the power electronic assembly
to support the mechanical structure of the device. The
mounting plate may, for example, extend inside the pow-
er electronic device between the inner walls of the device
thereby giving support to the mechanical structure. Fur-
ther, the mounting plate may separate different compart-
ments inside the device thereby producing a hotter and
a cooler compartments or clean air and dirty air compart-
ments, for example.
[0045] The invention provides a power electronic as-
sembly with cooling in a compact size. As the heat is
effectively removed from a base plate of a power elec-
tronic assembly using vapour chamber with condenser
pipes, a heat sink is not necessarily needed. Typically
heat sinks have been substantially large aluminium
blocks with cooling fins. In the present disclosure the
mounting plate is provided for accommodating the va-
pour chamber, and the mounting plate can be only slightly
thicker than the vapour chamber.
[0046] The present invention relates also to a method
of producing power electronic assembly, the method
comprising providing a vapour chamber having one or
more condenser pipes in fluid communication with the
vapour chamber. The method further comprises provid-
ing a mounting plate having an indent or a recess for
receiving the vapour chamber and one or more apertures
for receiving the one or more condenser pipes. Further
in the method the vapour chamber having one or more
condenser pipes is attached to the mounting plate, and
a power electronic module comprising a base plate is
attached to a surface of either the vapour chamber or
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mounting plate such that the base plate is in contact with
a mating surface of the base plate or of the vapour cham-
ber. The method produces the assembly of the invention.
[0047] The present invention relates also to a converter
device which comprises the features of the power elec-
tronic assembly. The converter device having the power
electronic assembly is cooled in efficient manner. In a
converter device, the main switches are provided with
the power electronic module and the main switches are
thereby cooled in the manner described above. The con-
verter device is more specifically an inverter device. The
power electronic assembly of the present disclosure en-
ables to produce a compact size converter device.
[0048] It will be obvious to a person skilled in the art
that, as the technology advances, the inventive concept
can be implemented in various ways. The invention and
its embodiments are not limited to the examples de-
scribed above but may vary within the scope of the
claims.

Claims

1. A power electronic assembly comprising a power
electronic module incorporating multiple of semicon-
ductor power electronic switch components, the
power electronic module comprising a base plate,
a vapour chamber having one or more condenser
pipes in fluid communication with the vapour cham-
ber, the vapour chamber and the one or more con-
denser pipes forming a closed volume and enclosing
a working fluid,
a mounting plate having an indent for receiving the
vapour chamber and one or more apertures for re-
ceiving the one or more condenser pipes,
wherein the power electronic module is attached to
the mounting plate to transfer heat from the base
plate of the power electronic module to the vapour
chamber.

2. A power electronic assembly according to claim 1,
wherein the one or more condenser pipes are ar-
ranged inside the mounting plate.

3. A power electronic assembly according to claim 1,
wherein the one or more condenser pipes are ar-
ranged to extend outside the mounting plate.

4. A power electronic assembly according to claim 3,
wherein the one or more condenser pipes are ar-
ranged to extend through the mounting plate.

5. A power electronic assembly according to claim 3 or
4, wherein cooling fins are attached to the condenser
pipes.

6. A power electronic assembly according to claim 5,
wherein the cooling fins are liquid cooled or cooled

with natural or forced air.

7. A power electronic assembly according to any one
of the previous claims 1 to 6, wherein the base plate
of the power semiconductor module is attached
against a surface of the vapour chamber.

8. A power electronic assembly according to any one
of the previous claims 1 to 6, wherein the base plate
of the power semiconductor module is attached
against a surface of the mounting plate.

9. A power electronic assembly according to any one
of the previous claims 1 to 8, wherein the assembly
comprises at least two vapour chambers which are
connected with one or more connecting pipes, and
each of the vapour chambers comprises one or more
condenser pipes, the at least two vapour chambers,
one or more connecting pipes and one or more con-
denser pipes forming a closed volume and enclosing
a working fluid.

10. A power electronic assembly according to any one
of the previous claims, wherein a thermal interface
material is provided between the base plate and the
mating surface for enhancing the transfer of heat
from the base plate to the vapour chamber.

11. A power electronic assembly according to claim 10,
wherein the thermal interface material is a carbon
based layer.

12. Converter device comprising a power electronic as-
sembly comprising a power electronic module incor-
porating multiple of semiconductor power electronic
switch components, the power electronic module
comprising a base plate,
a vapour chamber having one or more condenser
pipes in fluid communication with the vapour cham-
ber, the vapour chamber and the one or more con-
denser pipes forming a closed volume and enclosing
a working fluid,
a mounting plate having an indent for receiving the
vapour chamber and one or more apertures for re-
ceiving the one or more condenser pipes,
wherein the power electronic module is attached to
the mounting plate to transfer heat from the base
plate of the power electronic module to the vapour
chamber.

13. A method of producing power electronic assembly,
the method comprising
providing a vapour chamber having one or more con-
denser pipes in fluid communication with the vapour
chamber,
providing a mounting plate having an indent for re-
ceiving the vapour chamber and one or more aper-
tures for receiving the one or more condenser pipes,
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attaching the vapour chamber having one or more
condenser pipes to the mounting plate, and
attaching a power electronic module comprising a
base plate to a surface of either the vapour chamber
or mounting plate such that the base plate is in con-
tact with a mating surface of the base plate or of the
vapour chamber.
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